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1.
$G$ . ( ) $G$- $V$ , $S(V)$ $V$
$G$- , $P(V)$ $S(V)/\{\pm 1\}$
. $G$- $M$ $G$- $V$ $\epsilon i_{M}(V)$ $M$ , $M\cross V$
. $\mathbb{R}^{n}$ $G$- $n$-
( $G$- ) . $M$ ( ) $T(M)$ $M$
. $M=P(V)$ , $\gamma_{M}$ $M$ ,
$\gamma_{M}^{\perp}$
$\gamma_{M}$ $\epsilon i_{M}(V)$ (V $G$- ) ( )
, $\gamma_{M}$ $E(\gamma_{M})$
$\{(\{\pm x\}, v)|x\in S(V), v\in \mathbb{R}\cdot x(\subset V)\}$
, $\gamma_{M}\oplus\gamma_{M}^{\perp}=\epsilon_{M}(V)$ .
.
Theorem 1. $G$ - $V,$ $M=P(V),$ $\gamma=\gamma_{M}$ , (1)$-(5)$ .
(1) $Hom(\gamma, \gamma)=\epsilon_{M}(\mathbb{R})$ .
(2) $Hom(\gamma, \epsilon_{M}(\mathbb{R}))=\gamma$ .
(3) $T(M)=Hom(\gamma, \gamma^{\perp})$ .
(4) $T(M)\oplus\epsilon j_{M}(\mathbb{R})=Hom(\gamma, \epsilon_{M}(V))$ .
(5) $Hom(\gamma, \epsilon_{M}(V))=\gamma\otimes V$ .
Theorem 2. $G$ , $V$ $G$ - 2-
$G$ - , $\gamma$ $M=P(\mathbb{R}\oplus V)$ . $\gamma^{\oplus 4}$
G- $\epsilon_{M}(\mathbb{R}^{4})$ $G$ .
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$k$ , $\gamma^{\oplus 2}\oplus\epsilon_{M}(\mathbb{R}^{k})$ $\epsilon:_{1}\iota’(\mathbb{R}^{k+2})$ ( $G$- )
. $\gamma^{\oplus 2}$ Stiefel-Whitney
( [MS74] 4 ).
Theorem 3. $G$ , $V$ $G$ - 2-
$G$ - . $M=P(\mathbb{R}\oplus V)$ $T(M)$
, $T(M)^{\oplus 4}\oplus\epsilon i_{M}(\mathbb{R}^{4})$ $\epsilon jM(V^{\oplus 4})\oplus\epsilon_{M}(\mathbb{R}^{4})$ $G$ - . ,
$4[T(M)]=0$ in $\overline{KO}_{G}(M)$ .
, G- ( Smith
Problem) , .
2.
1 . $G$ , $V$ ( ) $G$- , $S(V)$
$G$- $\{-,$ $-\rangle$ , $M=P(V)$ $S(V)/\{\pm 1\}$ ,
$\gamma_{AI}$ . $x\in S(V)$ , $L_{[x]}$ 2 $\pm x$ $V$
. $L_{[x]}^{\perp}$ .
2.1 G- $Hom(\gamma_{M},\gamma_{M})$ . $\xi=Hom(\gamma_{M}, \gamma_{M})$ $E(\xi)$
$\cup Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\gamma_{M}))$ . $x\in S(V)$ , $F_{[x]}(\gamma_{M})$ $\gamma_{M}$ $[x]$
$[x]\in\Lambda f$
. $\xi$ $\pi$ : $E(\xi)arrow M$ $f\in Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\gamma_{M}))$
$\pi(f)=[x]$ . $E(\xi)$ $G$- $g\in G,$ $f\in Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\gamma_{M}))$
$gf\in Hom(F_{[gx]}(\gamma_{1}\iota f), F_{[gx]}(\gamma_{M}))$
$(gf)([gx], gv)=([gx],$ $gf(g^{-1}(gv))=([gx], gf(v))$
. $\xi$ G- .
22G- $\epsilon_{M}(\mathbb{R}^{n})$ . $n$ , $\epsilon=\epsilon_{M}(\mathbb{R}^{n})$ $E(\epsilon)$
$\{([x])b)|[x]\in M, b\in \mathbb{R}^{n}\}$ . $\epsilon$ $\pi$ : $E(\epsilon)arrow M$
$\pi([x], b)=[x],$ $[x]\in M,$ $b\in \mathbb{R}^{n}$ . $E(\epsilon)$ $G$- , $g\in G,$ $([x], b)\in E(\epsilon)$
$g([x], b)=([gx], b)$ . , $\epsilon$ G-
.
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23 $Hom(\gamma_{M}, \gamma_{M})arrow\epsilon_{M}(\mathbb{R})$ . $\varphi$ : $Hom(\gamma_{NI}, \gamma\nu I)arrow\epsilon_{\Lambda’I}(\mathbb{R})$
. $f\in H_{0}m(F_{[x]\gamma_{M}},$ $F_{[x]\gamma_{M})},$ $x\in S(V)$ . , $f(x)=tx$
$t$ . $G$- $\langle-,$ $-\}$ , $t=\langle f(x),$ $x\rangle$ .
$\varphi(f)=([x], t)$
. $\varphi$ : $Hom(\gamma_{M}, \gamma_{M})arrow\epsilon_{M}(\mathbb{R})$ G-
.
2.4 G- $Hom(\gamma_{M},\epsilon_{M}(\mathbb{R}^{n}))$ . $n$ , $\eta=Hom(\gamma_{M}, \epsilon_{M}(\mathbb{R}^{n}))$
$E(\eta)$
$\bigcup_{[x]\in M}Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\epsilon_{M}(\mathbb{R}^{n})))$
. $\eta$ $\pi$ : $E(\eta)arrow M$ $\pi(f)=[x]$ . $E(\eta)$ G-
, $g\in G,$ $f\in Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\epsilon_{M}(\mathbb{R}^{n})))$ , $gf\in Hom(F_{[gx]}(\gamma_{M}), F_{[gx]}(\epsilon_{M}(\mathbb{R}^{n})))$
$(gf)([gx], gv)=([gx],$ $f(g^{-1}(gv))=([gx], f(v)),$ $v\in F_{[x]}(\gamma_{M})$ .
$\eta$ G- .
25 $Hom(\gamma_{M},\epsilon_{M}(\mathbb{R}))arrow\gamma_{M}$ . $\varphi$ : $Hom(\gamma_{M}, \epsilon_{M}(\mathbb{R}))arrow\gamma_{M}$ ,
$f\in H_{0}m(F[F_{[x]M}(\mathbb{R})),$ $x\in S(V)$ ,
$\varphi(f)=([x], (f(x))x)$
. $\varphi$ : $Hom(\gamma_{M}, \epsilon_{M}(\mathbb{R}))arrow\gamma_{M}$ G-
.
26G- $T(M)$ . $M$ $G$- $W$ $G$
. $[x]\in M$ $T_{[x]}(M)$ $W$ .
$M$ $\tau=T(M)$ $E(\tau)$ $\{([x], v)|[x]\in M, v\in T_{[x]}(M)\}$
. $T_{[x]}(M)$ $\in M$ . $\tau$
$\pi$ : $E(\tau)arrow M$ $\pi([x], v)=[x]$ . $E(\tau)$ $G$- , $g\in G$ ,
$v\in T_{[x]}(M)$ $g([x], v)=([gx], gv)$ . $v\in W$
$gv\in W$ . $T(M)$ G-
.
119
27G- $Hom(\gamma_{M}, \gamma_{M}^{\perp})$ . $\gamma’=\gamma_{t/J}^{\perp}$ $E(\gamma’)$ $\{([x], v)\in$
$M\cross V|\langle x,$ $v\rangle=0\}$ , $\gamma’$ $([x])v)\mapsto[x]$ .
$\xi=Hom(\gamma_{M}, \gamma\perp)$ $E(\xi)$ $\cup Hom(F_{|x]}(\gamma_{M}), F_{[x]}(\gamma_{M}^{\perp}))$ .
$[x]\in M$
$\xi$ $\pi$ : $E(\xi)arrow M$ $\pi(f)=$ . $E(\xi)$ $G$- ,
$g\in G,$ $f\in Hom(F_{1^{x]}}(\gamma_{M}), F_{[x]}(\epsilon_{M}(\mathbb{R})))$ , $gf\in Hom(F_{[gx]}(\gamma_{M}), F_{[gx]}(\gamma_{hl}^{\perp}))$
$(gf)([gx], gv)=([gx],$ $gf(g^{-1}(gv))=([gx], gf(v)),$ $v\in F_{[x]}(\gamma_{M})$ .
$\xi$ G- .
28 $T(M)arrow Hom(\gamma_{M}, \gamma_{M}^{\perp})$ . $\tau=T(M)$ $\tau’=T(S(V))$
$E(\tau),E(\tau’)$ . 2 $(x, v),$ $(y, w)\in E(\tau’))(x,$ $y\in S(V),$ $v\in T_{x}(S(V))$ ,
$w\in T_{y}(S(V))$ ,
$(x, v)\sim(y, w)\Leftrightarrow\{x=y$ $v=w\}$ $\{x=-y$ $\uparrow)=-w\}$
, $E(\tau)=E(\tau’)/\sim$ . , $E(\tau)=\{\pm\{(x, v)\}|x\in$
$S(V),$ $v\in T_{x}S(V)\}$ . $\varphi$ : $T(M)arrow Hom(\gamma_{M}, \gamma_{M}^{\perp})$
$\varphi(\{\pm(x,$ $v)\})(\alpha x)=\alpha v(\alpha\in \mathbb{R})$
. $\varphi$ : $T(M)arrow Hom(\gamma_{hI}, \gamma_{M}^{\perp})$ G-
.
29G- $Hom(\gamma_{M}, \epsilon_{M}(V))$ . $\xi’=Hom(\gamma_{AY}, \epsilon_{M}(V))$ $E(\xi’)$
$\bigcup_{[x]\in M}Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\epsilon_{M}(V)))$
. $\xi’$ $\pi$ : $Earrow M$ $f\in Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\epsilon_{M}(\mathbb{R})))$ ,
$\pi(f)=[x]$ . $E(\xi’)$ $G$- , $g\in G,$ $f\in Hom(F_{[x]}(\gamma_{M}), F_{[x]}(\epsilon_{M}(\mathbb{R})))$
, $gf\in Hom(F_{[gx]}(\gamma_{M}), F_{[gx]}(\epsilon_{M}(V)))$
$(gf)([gx], gv)=([gx],$ $gf(g^{-1}(gv))=([gx], gf(v))(v\in L_{[x]})$
. $\xi’$ G- .
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2.10 $T(M)arrow Hom(\gamma_{M}, \epsilon_{M}(V))$ . 23, 28 ,
$T(M)\oplus\epsilon_{\Lambda I}(\mathbb{R})$ $\cong$ $Hom(\gamma_{M}, \gamma_{M}^{\perp})\oplus Hom(\gamma_{M}, \gamma_{M})$
$\cong$ $Hom(\gamma_{\Lambda I}, \gamma_{M}^{\perp}\oplus\gamma_{M})$
$\cong$ $Hom(\gamma_{M}, \epsilon_{M}(V))$ .
2.11 $Hom(\gamma_{M}, \epsilon_{M}(V))arrow\gamma_{M}\otimes\epsilon_{M}(V)$ . $\varphi$ : $Hom(\gamma_{M}, \epsilon_{M}(V))arrow\gamma_{M}\otimes$
$\epsilon_{M}(V)$ , $f\in Hom(F_{[x]\gamma_{M}}, F_{[x]}\epsilon_{M}(V))$ ,
$\varphi(f)=([x], v\otimes f(v))$
. $\varphi$ : $Hom(\gamma_{M}, \epsilon_{M}(V))arrow\gamma_{M}\otimes\epsilon_{M}(V)$ G-
.
3.
2 , .
$G$ , $X$ $G$- . $X$ $G$- $Y$ $Z$ ,
$Y$ $Y\cap Z$ $G$- $N$ $G$- $\phi$ : $Narrow(Y\cap Z)\cross[0,1]$ ;
$\phi(y)=(\phi_{1}(y), \phi_{2}(y))(y\in N, \phi_{1}(y)\in Y\cap Z, \phi_{2}(y)\in[0,1])$ ,
$\phi^{-1}((Y\cap Z)\cross[0,1))$ $Y$ , , $\phi(y)=(y, 0)(y\in Y\cap Z)$
. , $G$ $[0,1]$ .
, $\xi$ $X$ $n$- G- , $\xi|_{Y},$ $\xi|_{Z}$ G- $\epsilon_{Y}(\mathbb{R}^{n})$ ,
ez $(\mathbb{R}^{n})$ , $(e_{1}, \ldots, e.)$ $(f_{i}, \ldots, f_{n})$ $\xi|_{Y}$ $\xi|_{Z}$ framing
. , $(e_{1}, \ldots, e_{n})$ $(fi, \ldots, f_{n})$ $G$- . , $g\in G$
$e_{j}(gy)=ge_{j}(y),$ $y\in Y,$ $f_{j}(gz)=gf_{j}(z),$ $z\in Z$ . , $Y\cap Z$
$O(n)$ $G$- $A=[a_{ij}]$ .
$f_{i}(x)= \sum_{j=1}^{n}a_{ji}(x)e_{j}(x)$ $(x\in Y\cap Z, i=1, \ldots, n)$ .
Lemma4. $A$ : $Y\cap Zarrow O(n)$ G-
$lh^{\backslash },$ $\xi$ G- $\epsilon_{X}(\mathbb{R}^{n})$ .
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Proof. $B$ : $Y\cap Zarrow O(7l)$ . $A$ $B$ G-
, $(fi, \ldots , f_{n})$ $X$ $G$- framing
.
$A$ $B$ G- , $H$ : $Y\cap Z\cross[0,1]arrow$
$O(n);H(x, t)=(h_{ij}(x, t)),$ $x\in Y\cap Z,$ $t\in[0,1]$ :
$\{\begin{array}{l}H(x, 0)=A(x)(x\in Y\cap Z)H(x, 1)=B(x)(x\in Y\cap Z)H(gx, t)=H(x, t)(x\in Y\cap Z, t\in[0,1]).\end{array}$
$N$ framing $(k_{1}, \ldots, k_{n})$
$(k_{1}(x), \ldots , k_{n}(x))=(e_{1}(x), \ldots, e_{n}(x))H(\phi_{1}(x), \phi_{2}(x))$
.
$k_{i}(x)= \sum_{j=1}^{n}h_{Ji}(\phi_{1}(x), \phi_{2}(x))ej(x)$
(1)$-(3)$ .
(1) $(k_{1}, \ldots, k_{n})$ $G$- :
$(k_{1}(gx), \ldots, k_{n}(gx))$ $=$ $(e_{1}(gx), \ldots, e_{n}(gx))H(\phi_{1}(gx), \phi_{2}(gx))$
$=$ $(ge_{1}(x), \ldots, ge_{n}(x))H(g\phi_{1}(x), g\phi_{2}(x))$
$=$ $(ge_{1}(x),$
$\ldots,$
$ge_{n}(x))H(\phi_{1}(x),$ $\phi_{2}(x))$
$=$ $(gk_{1}(x), \ldots, gk_{n}(x))$ .
(2) $\phi_{2}(x)=0$ :
$(k_{1}(x), \ldots, k_{n}(x))$ $=$ $(e_{1}(x), \ldots , e_{n}(x))H(x, 0)$
$=$ $(e_{1}(x), \ldots, e_{n}(x))A(x)$
$=$ $(f_{1}(x), \ldots, f_{n}(x))$ .
(3) $\phi_{2}(x)=1$ :
$(k_{1}(x), \ldots, k_{n}(x))$ $=$ $(e_{1}(x), \ldots , e_{n}(x))H(\phi_{1}(x), 1)$
$=$ $(e_{1}(x), \ldots, e_{n}(x))B(\phi_{1}(x))$
$=$ $(e_{1}(x), \ldots, e_{n}(x))$ .
$(f_{i}, \ldots, f_{n})$ $X$ G- framaing .
G- $\xi$ G- $\epsilon_{X}(\mathbb{R}^{n})$ . $\square$
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, $G$ $p$ , $V$ $G$
2 $G$- , $W=\mathbb{R}\oplus V,$ $\gamma$ $M=P(W)$ ,
$S^{1}=\{z\in \mathbb{C}||z|=1\}$ . $G$ $go$ $V$ $\{v_{1}, v_{2}\}$
$g_{0}(v_{1}, v_{2})=(v_{1}, v_{2})(_{s^{\backslash }in2\pi/p}^{\cos 2\pi/p}$ $-\sin 2\pi/p\cos^{\backslash }2\pi/p)$
. , $V$ $\mathbb{C}$
$g_{0}z=\exp(2\pi\sqrt{-1}/p)z$ $(z\in \mathbb{C})$
.
$M=P(W)$ $[x]$
$[x]=[\cos t, (\sin t)z]$
. $z\in S^{1},$ $t\in \mathbb{R},$ $0 \leq t\leq\frac{\pi}{2}$ . ,
$Y=\{[\cos t, (\sin t)z]|z\in S^{1},0\leq t\leq\pi/4\}$ ,
$Z=\{[\cos t, (\sin t)z]|z\in S^{1}, \pi/4\leq t\leq\pi/2\}$
. $Y$ $D^{2}$ $G$- , $Z$ $G$- . $G$ $S^{1}$
go $z=\exp(2\pi\sqrt{-1}/p)z$ .
$Y \cap Z=\{[\frac{\sqrt{2}}{2}$ $\frac{\sqrt{2}}{2}z]|z\in S^{1}\}$
,
$\psi:Y\cap Zarrow S^{1}$
$\psi([\frac{\sqrt{2}}{2},$ $\frac{\sqrt{2}}{2}z])=z$
, $\psi$ $G$- . $G$- $\varphi_{Y}$ :
$\epsilon_{Y}(\mathbb{R}^{2})arrow(\gamma\oplus\gamma)|_{Y}$
$(b,$ $r_{1},$ $r_{2})arrow(b, r_{1}a, r_{2}a)$
. , $a=(\cos t, (\sin t)z),$ $0\leq t\leq\pi/4,$ $z\in S^{1},$ $b=[a]\in M$ . ,
$G$- $\varphi_{Z}:\in z(\mathbb{R}^{2})arrow(\gamma\oplus\gamma)|_{Z}$
$(b, r_{1}, r_{2})arrow(b, (r_{1}\cos(p\theta)-r_{2}\sin(p\theta))a, (r_{1}\sin(p\theta)+r_{2}\cos(p\theta))a)$
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. , $a=(\cos t, (\sin t)z))\pi/4\leq t\leq\pi/2,$ $z\in S^{1},$ $b=[a]\in$ $\iota\tau$ .
, frarning
$\{\begin{array}{l}e_{1}(b)=\varphi_{Y}(b, 1,0)e_{2}(b)=\varphi_{Y}(b, 0,1)\end{array}$
$t_{i}$ $\{\begin{array}{l}f_{1}(b)=\varphi_{Z}(b, 1,0)f_{2}(b)=\varphi_{Z}(b, 0,1)\end{array}$
. $\{e_{1}, e_{2}\},$ $\{fi, f_{2}\}$ G- . , $b=[a]=$
$[\cos t, (\sin t)z]\in Y\cap Z,$ $t=\pi/4,$ $z=cos\theta+i\sin\theta$ ,
$(f_{1}(b), f_{2}(b))=(e_{1}(b), e_{2}(b))A_{\gamma^{\oplus 2}}(b)$
2 2 $A_{\gamma^{\oplus 2}}=[a_{ij}]$ : $Y\cap Zarrow O(2)$ .
,
$(\cos^{\tau}(p\theta)a\sin(p\theta)a$ $-s^{\tau}in(p\theta)a\cos^{l}(p\theta)a)=(\begin{array}{ll}a 00 a\end{array})(a_{21}(b)a_{11}(b)$ $a_{22}(b)a_{12}(b))$
$[a_{ij}(b)]$ . ,
$\{\begin{array}{l}a\cdot a_{11}(b)=\cos(p\theta)aa\cdot a_{12}(b)=-\sin(p\theta)aa\cdot a_{21}(b)=\sin(p\theta)aa\cdot a_{22}(b)=\cos(p\theta)a\end{array}$
,
$A_{\gamma^{\oplus 2}}(b)=(\cos^{\backslash }(p\theta)s^{t}in(p\theta)$ $-\sin(p\theta)\cos^{\backslash }(p\theta))$ $(b=[a], a=( \frac{1}{\sqrt{2}}, \frac{1}{\sqrt{2}}(\cos\theta+i\sin\theta)))$.
, $b\in Y\cap Z$ , $A_{\gamma^{\oplus 2}}(b)\in SO(2)$ . ,
$A_{\gamma^{\oplus 4}}:Y\cap Zarrow SO(4)$
$A_{\gamma\oplus 4}(b)=(\begin{array}{ll}A_{\gamma^{\oplus 2}}(b) 00 A_{\gamma\oplus 2}(b)\end{array})(b\in Y\cap Z)$
.
, $A_{\gamma\oplus 4}$ G- .
$(Y\cap Z)/Garrow SO(4)/GA_{\gamma}\oplus 4/G|$
$Y\cap Z|arrow^{A_{\gamma}\oplus 4}SO(4)$
$=SO(4)$
, $[A_{\gamma^{\oplus 4}}/G]\in[(Y\cap Z)/G, SO(4)]$ , G-
$[A_{\gamma\oplus 4}]\in[Y\cap Z, SO(4)]^{G}$ . $Y\cap Z$ $S^{1}$ $\psi$
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:
$Y\cap Zarrow^{\psi}S^{1}$
$(Y\cap Z)/G\downarrowarrow S^{1}\psi/c|$
$G$ .
$(Y\cap Z)/G$ $S^{1}$ , $[Y\cap Z, SO(4)]^{G}\cong[(Y\cap Z)/G, SO(4)]\cong\pi_{1}(SO(4))\cong$
$Z/2$ .
$[A_{\gamma\oplus 4}/G]$ $=$ $[(\begin{array}{ll}A/G 00 A/G\end{array})]$
$=$ $[$ $(A/G0$ $I0)\cdot(\begin{array}{ll}I 00 A/G\end{array})]$
$=$ 2 $[$ $(A/G0$ $I0)]\in[(Y\cap Z)/G, SO(4)]$
$=$ $0$
, $[A_{\gamma^{\oplus 4}}]=0$ in $[Y\cap Z, SO(4)]^{G}$ . , $A_{\gamma^{\oplus 4}}$ G-
. 4 , G- $\gamma^{\oplus 4}$ G- $\epsilon_{M}(\mathbb{R}^{4})$
.
3 . 1 (4) ,
$T(M)\oplus\epsilon_{M}(\mathbb{R})=Hom(\gamma, \epsilon_{NI}(V\oplus \mathbb{R}))$ .
,
$(T(M)\oplus\epsilon iM(\mathbb{R}))^{\oplus 4}$ $=$ $Hom(\gamma^{\oplus 4}, \epsilon_{M}(V\oplus \mathbb{R}))$
$=$ $\gamma^{\oplus 4}\otimes\epsilon_{M}(V\oplus \mathbb{R})$
$=$ $\epsilon_{M}(\mathbb{R}^{4})\otimes\epsilon_{M}(V\oplus \mathbb{R})$
$=$ $(\epsilon_{M}(\mathbb{R}^{4})\otimes\epsilon_{M}(V))\oplus(\epsilon_{M}(\mathbb{R}^{4})\otimes\epsilon_{M}(\mathbb{R}))$
$=$ $\epsilon_{M}(V^{\oplus 4})\oplus(\epsilon_{M}(\mathbb{R}^{4}))$ .
, 3 .
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